
Theor Appl Genet (2008) 117:143–147

DOI 10.1007/s00122-008-0759-6

ORIGINAL PAPER

Soybean molecular linkage group B1 corresponds to classical 
linkage group 16 based on map location of the lf2 gene

Thomas M. Seversike · JeVery D. Ray · JeVry L. Shultz · 
Larry C. Purcell 

Received: 5 October 2007 / Accepted: 25 March 2008 / Published online: 8 April 2008
©  Springer-Verlag 2008

Abstract The seven-leaXet character of soybean [Glycine
max L. (Merr.)] is a single recessive trait conditioned by the
lf2 gene. The lf2 gene is located on linkage group (LG) 16 of
the classical soybean genetic map, but it has not been
placed on the molecular map. The objective of this research
was to identify the location of the lf2 gene on the soybean
molecular map using simple sequence repeat (SSR) mark-
ers. A backcross breeding method was used to create three-
and seven-leaXet near-isogenic lines in genetic back-
grounds of ‘Traill’, ‘MN1401’, and ‘MN1801’. Eight map-
ping populations were derived from eight single
heterozygous Lf2 lf2 plants. A total of 482 SSR markers that
covered approximately every 10–20 cM of all soybean
molecular LG were used to screen the mapping populations
for polymorphisms. For the 115 SSRs that were identiWed
as polymorphic, possible linkage between the lf2 gene and
the polymorphic SSR markers was determined. One SSR

marker from the LG B1, Sat_272, was linked (LOD > 4.0)
to the lf2 gene in the Traill and MN1401 derived popula-
tions, with map distances ranging from 2.8 to 11.2 cM. Two
additional markers (a SSR, Sat_270 and a SNP, A588c)
located on LG B1 were also polymorphic and were identi-
Wed as linked to the lf2 gene in one of the populations. This
research was successful in mapping the lf2 gene to LG
B1 of the soybean molecular map and therefore, provides evi-
dence that molecular LG B1 corresponds to classical LG 16.

Abbreviations
LG linkage group
RFLP restriction fragment length polymorphism
SNP single nucleotide polymorphism
SSR simple sequence repeat

Introduction

The seven-leaXet trait in soybean was discovered by Fehr
(1972) from a spontaneous mutation in the cultivar Hawk-
eye. The recessive lf2 allele conditions seven-leaXet expres-
sion and the dominant Lf2 allele conditions three-leaXet
expression (Fehr 1972). Fehr (1972) reported that although
the Lf2 allele was completely dominant to the lf2 allele in
his three- leaXet cross £ seven-leaXet cross, it was not
completely dominant in all genetic backgrounds.

In addition to the lf2 gene, there is another gene that con-
trols leaXet number in soybean. The Lf1 gene conditions
expression of the Wve-leaXet trait in soybean. It is partially
dominant to the lf1 allele, which conditions expression of
the three-leaXet trait (Fehr 1972). The Lf1 gene is located at
map position 126.7 on linkage group (LG) A2 of the soy-
bean molecular map (Song et al. 2004), but it has not been
linked to the classical genetic map. Conversely, the lf2 gene
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was found to be linked to the pubescence type (Pd2) gene
(dense pubescence) on LG 16 of the classical map (Devine
2003; Palmer et al. 2004), but neither the lf2 nor Pd2 loci
have been placed on the molecular map.

The objective of this research was to map the gene con-
ferring the seven-leaXet trait on the soybean molecular
map. Segregating populations of near isolines for lf2 were
created in three genetic backgrounds, totaling 430 individu-
als. The populations were phenotyped, genotyped and eval-
uated for linkage with simple sequence repeat (SSR)
markers, and more closely mapped with single nucleotide
polymorphisms (SNPs).

Materials and methods

Population development

Plant introduction (PI) 548232 possesses the single reces-
sive gene (lf2) conferring the seven-leaXet trait, and it was
mated with three-leaXet (Lf2) cultivars Traill (Helms and
Nelson 1998), MN1401 (Orf and Denny 2000a), and
MN1801 (Orf and Denny 2000b). Detailed information on
breeding methodology and phenotyping was described by
Seversike et al. (2008).

The F1 generation was allowed to self-pollinate, and
homozygous recessive plants (lf2lf2) were backcrossed with
the recurrent parents Traill, MN1401, and MN1801. Back-
cross populations were used to reduce extraneous pheno-
typic variation and reduce the potential number of
polymorphic molecular markers that were unassociated
with lf2. All of the progenies were advanced to the BC1F2

generation, and Traill- and MN1801-derived plants were
backcrossed two additional times and advanced to the
BC3F2 generation. Two heterozygous BC3F2 plants of
MN1801 and four BC3F2 plants of Traill were allowed to
self pollinate and were harvested individually. BC3F2:3

seeds were sown in the Weld in 2005 and served as our map-
ping populations for MN1801 and Traill (Table 1).

Heterozygous (Lf2lf2) plants of MN1401 at the BC1F2

and BC1F3 generations were selected and allowed to self
pollinate. Seeds from two BC1F4 heterozygous plants were
individually harvested and sown in separate rows in the
Weld in 2005. These BC1F4:5 segregating plants served as
our mapping populations for MN1401 (Table 1).

Individual plants were phenotyped as homozygous reces-
sive (seven leaXets), heterozygous (three leaXets with one or
more leaves having four leaXets), and homozygous dominant
(three leaXets only). Seeds from plants putatively classiWed
as either homozygous dominant or heterozygous were har-
vested and progeny tested in the greenhouse. No attempt was
made to phenotype plants for Pd2, which is linked to lf2 on
the classical map (Devine 2003; Palmer et al. 2004).

Molecular markers

Simple sequence repeat (SSR) markers were used to screen
for polymorphisms between the DNA from homozygous
three- and seven-leaXet near-isogenic pairs. Leaf tissue
samples were taken from lf2 and Lf2 genotypes from the
populations developed in each of the backgrounds (Traill,
MN1401, and MN1801) in the BC3F2:3, BC1F4:5, and
BC3F2:3 generations, respectively (Table 1). The samples
were freeze-dried and pulverized to a Wne powder in a ball
mill (Garcia Manufacturing, Visalia, CA). DNA was
extracted from the samples using a CTAB (cetyltrimethyl-
ammonium bromide) buVer (Saghai-Maroof et al. 1984)
with a phenol/chloroform puriWcation step employing a
heavy phase lock gel (5 Prime Inc, Gaithersburg, MD).

There were 482 SSR markers chosen for screening, and
they covered approximately every 10 to 20 cM of all 20
soybean LGs (Song et al. 2004). Each SSR primer was Xuo-
rescently labeled with either FAM or HEX (Integrated
DNA Technologies, Skokie, IL). The SSR primers were
used to amplify the DNA from near-isogenic pairs using the
polymerase chain reaction (PCR). AmpliWcation conditions
were 95°C for a 2-min activation step followed by 35
cycles of 94°C for 30 s, 46°C for 30 s, and 72°C for 30 s,
with a Wnal step of 72°C for 5 min. Sigma JumpStart Taq
and buVers were used in the PCR according to manufac-
turer’s instructions (Sigma-Aldrich, St. Louis, MO).
Amplicons were separated and measured using an ABI
3730 XL sequencer (Applied Biosystems, Foster City, CA)
in the USDA-ARS Midsouth Genomics Laboratory (Stone-
ville, MS), and amplicon length was determined using
Gene Mapper 3.7 software (Applied Biosystems, Foster
City, CA). When polymorphisms were identiWed, the SSR

Table 1 The number of homozygous dominant (Lf2 Lf2), heterozy-
gous (Lf2 lf2), and homozygous recessive (lf2 lf2) individuals (pheno-
type) in each population

Chi-square test was based upon expected phenotypic ratios for segre-
gation at a single locus (i.e., 1:2:1)
a Phenotypes of putative Lf2 Lf2 and Lf2 lf2 individuals were conWrmed
in a progeny test

Population Phenotype Total � 2 Probability

Lf2 Lf2
a Lf2 lf2

a lf2 lf2

MN1401-1 BC1F4:5 10 34 13 57 2.4 0.30

MN1401-2 BC1F4:5 10 38 23 71 5.1 0.08

Traill-1 BC3F2:3 4 35 12 51 9.6 0.01

Traill-2 BC3F2:3 9 20 5 34 2.0 0.37

Traill-3 BC3F2:3 12 21 13 46 0.4 0.82

Traill-4 BC3F2:3 7 18 10 35 0.5 0.76

MN1801-1 BC3F2:3 10 29 14 29 1.1 0.58

MN1801-2 BC3F2:3 13 65 29 107 9.7 0.01
123



Theor Appl Genet (2008) 117:143–147 145
primer was considered a possible candidate marker associ-
ated with the lf2 gene and linkage analysis was performed.

The SSR marker Sat_272 located on LG B1 was deter-
mined to be putatively linked to the lf2 gene, and all other
reported SSR markers in that region (Song et al. 2004) were
tested, but no polymorphisms were found. Subsequently,
eight SNPs previously reported in that region of LG B1
(Choi et al. 2007) were also evaluated. An allele speciWc
primer extension (ASPE) method was used for SNP detec-
tion (Lee et al. 2004) on a Luminex 100 (Luminex, Austin,
TX) using “per region” settings and Miraibio CT/GT soft-
ware. Median Xuorescent intensity (MFI) was used to iden-
tify speciWc alleles, with the lowest MFI ratio used to score
a homozygous allele at 80%.

In the region of LG B1, where Sat_272 was putatively
found to be linked to the lf2 gene, there were also seven pre-
viously mapped restriction fragment length polymorphism
(RFLP) markers. To make these easier to evaluate, the
RFLPs were converted into sequence-tagged site (STS)
primers (Table 2). Each of these primer pairs was used to
amplify genomic DNA from the parents. The PCR product
was electrophoresed and all monomorphic amplicons were
excised, cloned and sequenced. ASPE primers were
designed from a total of seven of these sequences with the
Primer 3 program (Rozen and Skaletsky 2000). Settings
were for an 18–27 base pair oligonucleotide length,
Tm = 53–57°C, and GC% of 20–80%. These were then
evaluated as SNPs on the Luminex 100 as described above.

Linkage and statistical analysis

The phenotypic and molecular marker data were analyzed
in SAS (V8, SAS Institute, Cary, NC) using a Chi-square
3 £ 3 contingency table and an F-test to determine putative
linkage to the lf2 gene (P < 0.001). Linkage was conWrmed
and molecular distances calculated using JoinMap 4.0

software (Van Ooijen, 2006). JoinMap 4.0 was employed
because it has the appropriate algorithms to analyze the
diVerent combinations of backcrosses and self-pollinated
generations used in this study (e.g. BC3F2:3 and BC1F4:5).
All linkages had a minimum LOD score of 5.0, except for
Sat_247 in the Mn1401-2 population which had a LOD
score of 3.75. However, comparison with the soybean con-
sensus map supports the linkage of Sat_247 (Fig. 1).

Results

Near-isogenic lines for Traill, MN1401, and MN1801 were
successfully created and used in Weld experiments evaluat-
ing the seven-leaXet trait (Seversike et al. 2008). With the
exception of the Traill-1 and MN1801-2 populations, phe-
notypic segregation of all populations for the seven-leaXet
trait Wt the 1:2:1 ratio expected for a simple Mendelian trait
(Table 1). For the Traill-1 and MN1801-2 populations there
were fewer homozygous dominant individuals observed
than expected and more heterozygous individuals observed
than expected. In the SSR screening, 115 out of 482 SSR
markers were found to be polymorphic between three- and
seven-leaXet near-isogenic plants. Five SSR markers were
polymorphic across all three backgrounds (Traill, MN1401,
and MN1801), but subsequent analysis indicated that none
of these markers was linked to the seven-leaXet trait.

Of the 115 polymorphic markers identiWed, only one,
Sat_272, was putatively linked to the lf2 gene in the two
MN1401 populations and the four Traill populations.
Sat_272 was not polymorphic in the MN1801 isoline pair.
Sat_272 is located approximately 14.3 cM from one end of
soybean LG B1 (Song et al. 2004), and the lf2 locus mapped
distal to this marker. There was a highly signiWcant
(P < 0.0001) association between Sat_272 and the lf2 trait
in the MN1401 and Traill populations, and linkage was

Table 2 List of PCR primers 
and probes designed to convert 
previously reported RFLPs to 
SNPs

SNP LG B1 
(cM)a

Forward/Reverse Primers (5�–3�) ASPE Probes (5�–3�) Source 
(GenBank #)

A333a 8.1 AGTTGTGGATTTCGGACTGT
GAACCGGAGAAATCTGAGAA

ATTGTAAGTTCATTT
CTTTTCTTTA/G

AQ842018

A333b 8.1 GAATGCTGCACTATCTGCAC
GAGAAACACACATGCCAAAA

CTGGGTGGGAAAAC
ATTT/C

AQ841817

A588cb 20.3 ACCAAGAAACTGCATCATCA
TGGCTAGAGCATCAACACAT

TGAAGTGATCAGAC
AAAACTTACT/A

AQ841768

K011a 17.6 CCGGAATACCCAGATAACAG
GGCTGATGAGAGAAGCAGTT

CAGCGTATTGAAGA
ACATTTA/CG

AQ842190

A702a 29.0 GCAGCACTAGAGAGTGCAAA
TATCCAGGGCATCAGAATTT

CTAGAGAGTGCAAA
CTTTGTGTA/ATG

BH173805

A702b 29.0 AAGGAGCAATTGTTGAGAGG
CAACCAAGTCAGTACGTCCA

AGTGTAAGTTATTCT
ATTGATAGTGGA/T

AQ841991

A702c 29.0 TGCTAGTGCAGCTCTTTCTG
TCATGGACGTACTGACTTGG

ATTTTCAGGCCTAAT
GCAA/TAC

AQ841800

a Based on the current inte-
grated map (Choi et al. 2007)
b Polymorphic in Mn1401-1 and 
Mn1401-2 mapping populations 
(see Fig. 1)
123



146 Theor Appl Genet (2008) 117:143–147
conWrmed with JoinMap 4 software. The distance between
Sat_272 and the lf2 gene was estimated to be approximately
3.1 cM (LOD 8.46) in the MN1401-1 population and
5.7 cM (LOD 11.0) in the MN1401-2 population (Fig. 1).
For the four Traill populations, the map distances between
Sat_272 and the lf2 gene ranged from 2.8 to 11.2 cM (LOD
4.4 to 9.4). The variability in map distance among popula-
tions within the same cultivar background (MN1401 or
Traill) may be due to diVerences in population size
(Table 1) and the small amount of heterozygosity remain-
ing in the backcross populations.

With the likely location of the lf2 gene identiWed, other
SSR markers within the region were screened. Additional
linked markers at the same location would serve as strong
conWrmation of the location of the lf2 gene. Although all
SSRs within 50 cM of Sat_272 of LG B1 (Song et al. 2004)
were screened, only one additional polymorphic SSR
(Sat_247) was identiWed. Sat_247 was polymorphic in the
MN1401-2 population but was not polymorphic in the
MN1401-1, Traill or MN1801 populations. In the
MN1401-2 population, linkage analysis indicated that
Sat_247 was linked to the lf2 gene at a distance of approxi-
mately 18.0 cM, and placed Sat_272 between Sat_247 and
the lf2 gene (Fig. 1).

Although the putative linkage of an additional SSR in
the same region of LG B1 conWrms the linkage with the lf2

gene, the fact that Sat_247 was polymorphic in only one

population led us to search for additional markers. A
soybean SNP map (Choi et al. 2007) identiWed eight
SNPs in the same region of interest on LG B1. These
eight SNPs were tested for polymorphisms, but none of
these SNPs were polymorphic in any of the mapping
populations.

Early mapping eVorts in soybean placed a number of
RFLPs in the region of interest on LG B1 (Song et al.
2004). We converted these RFLPs to sequence tagged sites
and evaluated them as SNPs in our mapping populations
(Table 2). One of these SNPs (A588c) was polymorphic in
both of the MN1401 populations. Linkage analysis showed
A588c as putatively linked to the lf2 gene at distances of 5.9
(MN1401-1) and 9.4 (MN1401-2) cM, and placed SSR
Sat_272 between A588c and the lf2 gene. Additionally, in
the MN1401-2 population, which was polymorphic for
Sat_247, analysis indicated that A588c was between
Sat_247 and Sat_272 (Fig. 1). Alignment of the linked
markers in this study with the soybean consensus map
(Fig. 1) indicates that the lf2 gene is likely located near the
end of LG B1. No polymorphic markers were found
between lf2 locus and the end of the LG.

Discussion

Figure 1 shows the results of the linkage analysis for the
polymorphic markers and the lf2 gene in the two MN1401
populations and a consensus map of the Traill populations
along with the published consensus map of the region of
interest on LG B1 (Song et al. 2004). All published markers
in this region were evaluated for polymorphisms in the
mapping populations. However, only three polymorphic
markers were identiWed (Sat_272, A588c, and Sat_247).
Sat_272 was also polymorphic in both MN1401 popula-
tions and all four Traill populations, and in all of these pop-
ulations, Sat_272 was putatively linked to the lf2 gene in
between 2.8 and 11.2 cM. A RFLP that was converted to a
SNP (A588c) was poplymorphic in the two MN1401 popu-
lations and was putatively linked to the lf2 gene between 5.9
and 9.4 cM. Lastly, in the MN1401-2 population, Sat_247
was polymorphic and was putatively linked to the lf2 gene
at a distance of about 18.0 cM. All three markers mapped to
the same side of the lf2 gene. Nevertheless, these multiple
markers in multiple populations provide strong evidence of
the genomic location of the lf2 gene as near the end of LG
B1 (Fig. 1). Based on our analysis, we place the lf2 gene in
between 3.1 and 11.5 cM on LG B1 of the soybean molecu-
lar map (Song et al. 2004).

Since the lf2 gene is linked to the dense Pd2 on the classi-
cal map (Devine 2003; Palmer et al. 2004), our research
also indicates the genomic location of Pd2 on LG B1. Addi-
tionally, our research provides strong evidence that molecular

Fig. 1 Diagrammatic representation of the linkage position of the lf2
gene. On the left is a portion of the published soybean consensus map
for LG B1 (Song et al. 2004) for reference. The linkage groups for
Mn1401-1 and Mn1401-2 show all the markers in the region of LG B1
that were polymorphic. The “Traill Consensus” linkage group is a
composite of four Traill mapping populations (see Table 1)
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LG B1 corresponds to classical LG 16, thereby, allowing
the integration of a portion of the classical soybean map
with the molecular map. These represent the only classi-
cally mapped traits thus far known to be on molecular
LG B1.
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